This study is to examine if typological universals built upon primary languages are applicable to interlanguage data in SLA. Implicational universal is considered the classic example of a typological universal by Croft (2003) .
Introduction
The acquisition of consonant clusters has been a popular issue in SLA. If a language does not allow consonant clusters, what would happen when a speaker of that language tries to acquire English consonant clusters. Eckman (1987) and Karimi (1987) have found that final obstruents devoicing, vowel insertion, and consonant deletion are common strategies employed by L2 learners.
One implicational universal has been posited by Greenberg (1978) , which is possession of property Pi implies possession of Pj--but not vice versa. Lass (1989:131) made a comment on implicational universals. He said:
It is uncertain whether a large and interesting set of such statements can be made; steps have been taken, but we're nowhere near knowing yet if the goal is attainable. Lass (1989:132) further pointed out that the implicational universals were usually under the heading of 'markedness'. He listed several criteria for defining a marked segment. They are: (i) less common cross-linguistically than its unmarked counterpart; (ii) tends not to appear in positions of neutralization; (iii) generally has lower text-frequency; (iv) is later in appearing during language-acquisition, (v) tends to undergo phonemic merger; (vi) tends to be less stable historically; (vii) tends to imply the existence of its unmarked counterpart.
Despite the dispute about implicational universals, Eckman (1991) In this study, three problems regarding Eckman's Structural Conformity Hypothesis were identified. One is that Eckman overlooked one important variable, the voicing of a consonant cluster. All the words he used for his study were consonant clusters of voiceless obstruents. He did not provide an explanation for why he chose to do so. Our study indicates that clusters of voiced obstruents acquire later than their voiceless counterparts, because voiced obstruents are more difficult to produce intrinsically. The oral constriction impedes the airflow required by voicing (Stampe 1979:7) , that can explain the devoicing phenomena observed in native English speakers' word-initial and word-final voiced consonant and consonant clusters. 4 The second problem was how Eckman determined the presence or absence of a target consonant cluster. The criteria for the presence of a consonant cluster was 80% of occurrence of that consonant cluster. However, Eckman did not go into details on how he determine the occurrence of a consonant cluster. How did he determine if a consonant is deleted or pronounced unreleased? To what extend would he consider an epenthetic vowel present? Edge (1991) studied the production of word-final voiced obstruents in English by L1 speakers of Japanese and Cantonese,.
He found that the voicing-devoicing decision was the most troublesome. If both consonant deletion and vowel epenthesis were both found in native English speakers" speech, how would he define a target form? All the questions mentioned above may affect the choice of a target form, and the judgment call of the presence or absence of a consonant cluster.
The third problem was the applicability of implicational universals as a prediction of second language behavior. Because implicational universals are structurally based, while second language behavior has more than one attribute.
Application of Implicational Universals
Not all implicational universals can be applied directly to predict second language behavior. Implicational universals which are phonetically motivated can better explain the interlanguage phenomena. Our study is to bring up this issue by comparing our test result with the two implicational universals proposed by Eckman.
Here are two intrinsic universals (phonetically motivated principles) proposed in this study.
(i) Word-initial consonant clusters are easier to acquire than word-final consonant clusters. This principle is motivated by the fact that word-initial consonant clusters can be released through the following nucleus (vowel), while word-final consonant clusters cannot.
(ii) Clusters of voiced obstruents acquire later than the voiceless consonant clusters, because their oral constriction impedes the airflow required by voicing. Therefore, they are more difficult to produce than voiceless consonant clusters. 4 Ladefoged (1982) stated that English word-final voiced consonants are partially voiceless. Lisker 
Method

Subjects
The subjects for this study were ten Taiwanese speakers. 
Materials and Procedures
In order to compare Taiwanese interlanguage data with the native English speakers" pronunciation under the same context, a sheet of words which contains English initial and final consonant clusters were listed (Appendix 2). Each word was read twice by a subject. Initial consonant clusters test items are listed in Table 1 .
Final consonant clusters test items are listed in Table 2 . Phonetic environment, familiarity and frequency of the test words were taken into consideration, but not strictly controlled. 
Analysis
The recordings were used as the input for the acoustic analysis 5 to verify the transcription. With the visual information of spectrogram, the researcher was able to make a more consistent and objective judgment call on the voicing distinction. 6 It also helped to identify if an epenthetic vowel was present. 7 A list of subcategorization tags of position in a syllable and consonant clusters types can be found in Appendix 3. For example, i stands for word-initial, f stands for word-final, pf stands for a voiceless stop followed by a voiceless fricative, bb stands for a voiced stop followed by a voiced stop, etc.
There were four variables involving in the analysis of the consonant clusters:
the position of the consonant cluster in a word, the number of consonants in a cluster, the voicing and the manners of articulation in a consonant cluster, and the categorization of the consonant cluster in terms of target-like and native-like 8 5 The spectrograms were done on the DSP Sono-Graph: model 5500 6 If a segment is voiced, a low frequency dark stripe will show on the spectrogram. 7 If there exists an epenthetic vowel, the vowel formants can be detected on the spectrogram.
8 Target-like refers to the form which is predicted by the pronunciation rules of standard English.
Native-like refers to the form which is deviant from the pronunciation rules of standard English, yet conforms to the way the two native speakers of English pronounced.
dimensions. For instance, if -rnt is pronounced as [rnt]
, it will be categorized as f|3|lnp|t, f satnds for word-final, 3 stands for a consonant cluster of three, lnp indicates that this is a sequence of a liquid + a nasal + a voiceless stop, and "t" stands for target-like forms. Appendix 3 lists all the subcategorization tags used in the current study.
If the two tokens were not pronounced in the same category by a subject, they would be marked by a question mark "?". Each consonant cluster was classified into one of the following four categories: target (t), non-target (n), target-but-non-native 
Interrater Reliability
Two Taiwanese subjects' recordings were used for comparing interrater reliability.
The researcher had one native English speaker and one Taiwanese speaker as raters of the researcher"s transcriptions. This is to see how difference in rater"s language background would effect the interrater reliability. Raters were told to circle one transcription that he or she agreed upon. If what they hear on the tape does not match either one of the given transcriptions, they can write down their own transcription in the blank space. We found the agreement rate between the researcher and the native English speaker was 91% for subject 1"s interlanguage data and 73% for subject 2"s interlanguage data. The agreement rates between the researcher and the Taiwanese rater were 85% and 67% respectively, and the agreement rates between the two raters were 85% and 71%. The difference in the interrater reliability shown in the data may be correlated with the accuracy in the two subjects" interlangauge pronunciation. Subject 1"s pronunciation had higher accuracy rate.
Instrumentation
I used CHILDES 9 (Child Language Data Exchange System) to process the subcategorized data. Each word was represented by three tiers in CHILDES. Each begins with a percent sign %. The first tier listed the code for the subject and the target word. For example, the following representation tells us that the speaker is PSZ, and the target word is arm.
%PSZ: arm
The second tier is the phonetic tier, which listed the expected target form and the actual pronunciation. For example, the following representation tells us that "pho" stands for the phonetic tier, rm is the expected target form, and the actual pronunciation was [rm].
%pho: rm=rm
The third tier is the quality tier, which coded the four variables previously mentioned. For example, the following representation tells us that "qua" stands for the quality tier, "f" satnds for word-final, 3 stands for a consonant cluster of three, "ln" indicates that this is a sequence of a liquid + a nasal, and "t" stands for a native-like target form.
%qua: f|2|ln|t
The format of each entry in CHILDES would look like the following:
%PSZ: arm %pho: rm=rm %qua: f|2|ln|t
Results
Graph 1 shows that the target-like percentage is significantly higher at the word-initial position than at the word-final position. This is true for all ten
Taiwanese subjects" interlanguage data (Appendix 4). It is also true for a consonant cluster of two or three segments (see Table 3 ). Graph 2 shows that the target-like percentage is significantly lower for consonant clusters of voiced segments than for those of voiceless segments. This is true for all interlanguage data (Appendix 5). It is also true for a consonant cluster of two or three segments (see Table 3 ). Table 4 shows that the target-like percentage is consistently higher at word-initial position. Word-final 2 consonants in a cluster achieves higher percentage of target-like forms than 3 consonants in a cluster. However, four subjects does not conform to the Resolvability Principle at word-initial position, i.e., 2 consonants in a cluster does not necessarily achieves the higher percentage of target-like forms than 3 consonants in a cluster for all subjects. Table 5 shows that the initial and final voiced consonant clusters may be pronounced devoiced even by native speakers. The target-like percentage is consistently higher for voiceless counterpart consonant clusters in both word-initial and word-final positions. The data in Table 5 suggest an intrinsic universal favor voiceless consonant clusters. -npp 55% 100% 55% 100% Table 6 and Table 7 were results of the partial replication and extension of Eckman's two implicational universals. Table 6 shows that 3 out of 10 subjects violated Eckman's Fricative-Stop Principle, which says if a language has at least one final consonant sequence consisting of stop + stop, it also has at least one final sequence consisting of fricative + stop. Table 7 shows that 14 out of 230 tokens (6%) clearly violated the Resolvability Principle, which says if a language has a consonantal sequence of length m in either initial or final position, it also has at least one continuous subsequence of length m-1 in this same position. 
Discussion
In this section, two main points will be discussed: (a) the applicability of implicational universals; (b) intrinsic universals (phonetically motivated) can best explained the interlanguage phenomena.
The difference between typological universals and intrinsic universals is that we can always find counterexamples to the typological universals, but not to intrinsic universals. Not only interlanguage data but also first language data would conform to intrinsic universals. Typological universals are general statements about the tendency observed in documented language structures. People can always find counterexamples to typological universals no matter in primary language or in interlanguage. As the results shown in the study, we do find counterexamples to Eckman's principles. In fact, Eckman also observed counterexamples in his own study. However, he tried to explain the counterexamples with the lack of enough tokens to evaluate the result. However, we should not ignore counterexamples simply because the number is small. On the contrary, intrinsic universals can be explained by the phonetic laws of natural language, such as ease of production.
There will be no exception to the intrinsic universals.
Another important issue relating to the proposed intrinsic universals is that second language researchers were trying to employ the typological universals to explain the phenomena observed in interlanguage data. I will quote Lass's (1989: 132-33) comment on this particular issue. 
Conclusion
Eckman's (1991) Structural Conformity Hypothesis would have been a valid hypothesis, if he had applied intrinsic universals rather than typological universals.
Position in a word and the voicing quality turn out to be the critical factors for the acquisition of consonant clusters rather than the number of a cluster sequence nor the stop-fricative difference.
The results of the current study not only sort out the intrinsic factors that is essential to the acquisition of consonant clusters, but also raise an important issue for SLA, i.e., what can be used as an explanatory theory for SLA? SLA is considered as an applied science, which means it is heavily dependent upon other disciplines of science. This study suggests that the L2 acquisition should be based on cognitively-induced intrinsic universals rather than structurally-based typological universals. 
